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Cardiac arrest is the leading cause of death among dialysis
patients in the United States. We measured the outcome of
cardiac arrests attended by Emergency Medical Services
(EMS) staff at hemodialysis facilities in a 14-year
population-based retrospective study to identify cardiac
arrest cases at a dialysis unit. Associated factors were
determined using unconditional logistic regression. Of the
102 cardiac arrests identified around the time of dialysis,
10 occurred before, 72 during, and 20 after hemodialysis. The
initial measured abnormality was ventricular fibrillation or
tachycardia in 72 cases. Of those who survived transportation
to a hospital, survival to discharge was 24 with 15% survival
at 1 year. Compared to arrests that occurred prior to dialysis,
the odds of ventricular fibrillation were 5-fold greater in
patients on dialysis but 14-fold greater in those arresting
after dialysis. One-third of cases occurred after the
introduction of automated external defibrillators, and in half
of the cases these devices were attached prior to EMS arrival.
Once these devices were attached, most were used for
defibrillation. We conclude that ventricular arrhythmias are
the predominant features among arrested in-center dialysis
patients with most occurrences during dialysis. The role of
these devices in dialysis units will need a larger study to
evaluate their efficacy.
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End-stage renal disease (ESRD) affects over 400 000 people in
the United States and is associated with significant morbidity
and mortality.1 Patients with ESRD have up to a 30-fold
greater age-adjusted mortality compared to the general
population, which is most frequently due to cardiovascular-
related deaths.2 Cardiac arrest is the leading cause of death
for ESRD patients at 37.4 per 1000 patient-years at risk.3
Chavers and Herzog3 reported that over 50% of dialysis
patients experienced a cardiac arrest within 5 years of
initiating hemodialysis therapy. Improvements, such as using
high-flux dialysis4 or limiting dialysis against a 0.0 or
1.0 meq/l potassium dialysate concentration,5 may decrease
the risk of sudden cardiac death. In addition, other risk
factors such as a recent hospitalization, a drop of 30 mm Hg
in systolic blood pressure during dialysis,5 or a 2-day respite
since the last dialysis therapy,6 have been identified. Although
the United States Renal Data System annually reports the
incidence of cardiac arrest of ESRD patients,1 and Karnik
et al.5 have investigated the rates of sudden cardiac death at
dialysis centers, much still remains to be elucidated about
cardiac arrest among hemodialysis patients.
The current population-based study examined the occur-
rence of cardiac arrests among residents receiving dialysis in
the Seattle/King County area. We report the characteristics of
the arrest, patient outcomes, and the impact of automated
external defibrillator (AED) use on cardiac arrests that
occurred in outpatient dialysis centers within a confined
geographic area.
RESULTS
Incidence, characteristics, and outcomes
We identified 110 cardiac arrest cases that occurred in dialysis
facilities between 1 January 1990 and 1 June 2004 that met
the case definition. Based on the population during the study,
we estimated the rate of cardiac arrest to be 3.4 cases per
100 000 hemodialysis sessions. Demographic characteristics
are presented in Table 1. The mean age of subjects was
65.4±12.0 years (range 37–90), and 55 (50%) were males.
The responding Emergency Medical Services (EMS) agency
was Seattle Medic One in 57% of the cases and King County
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EMS in 43% of the cases. Of the 110 cases, 104 arrests
occurred prior to EMS arrival. Dialysis facility personnel
defibrillated four patients with an AED that resulted in a
return of spontaneous cardiac contraction, which obviated
the need for cardiopulmonary resuscitation by EMS person-
nel. Eleven patients required cardiopulmonary resuscitation
by EMS personnel after being defibrillated by a dialysis
facility personnel with the aid of an AED. The remaining 95
patients were not defibrillated prior to EMS arrival and met
inclusion criteria.
The initial electrocardiograph (ECG) rhythm, excluding
2 cases for which the initial rhythm was unknown, was
ventricular fibrillation (VF) in 70 (65%) cases, ventricular
tachycardia (VT) in 2 (2%), pulseless electrical activity in 25
(23%) cases, and asystole in 11 (10%) cases. Due to the small
number of VT cases and the pathophysiologic similarity, VT
and VF cases were combined. VF was significantly more likely
to be reported as the initial cardiac rhythm than non-VF
rhythms as shown in Table 1 (72 cases versus 36 cases,
P¼ 0.001). Additionally, the percentage of those with VF
differed depending on whether the patient arrested before
(30% VF), during (69% VF), or after (85% VF) hemodialysis
(P¼ 0.007).
Of the 110 cases for which resuscitation was attempted, 83
(76%) of the patients had a transient return of spontaneous
circulation at some time during the resuscitation, 26 (24%)
survived to discharge from the hospital, and 16 (15%)
survived at least 1 year after the event. Of the 84 people who
did not survive to discharge, 33 (38%) died in the dialysis
facility, 15 (18%) died in the emergency department, and 36
(43%) died in the hospital after admission. When comparing
patients for whom the initial rhythm was VF with those with
non-VF rythm, admission to hospital (65 vs 40%, P¼ 0.004),
survival to discharge (31 vs 11%, P¼ 0.010), and survival to
1 year (19 vs 5%, P¼ 0.02) was significantly greater for
patients with VF (Figure 1).
The most common day of the week for cardiac arrest was
Sunday (20 cases). However, there was no significant
difference in the frequency of cardiac arrests by day of the
week (P¼ 0.28). Data on individual patient’s dialysis
schedules were not available; however, the dialysis facilities
in this study are routinely closed on different days. As shown
in Figure 2, significantly more cardiac arrests occur on the
first day the dialysis facility was open relative to the day when
the facility was closed (25 cases versus an expected number of
15.7, P¼ 0.011).
After excluding the eight cases for which we were unable
to identify when the patient arrested relative to dialysis, 72
(70.6%) of the 110 cardiac arrests occurred while the patient
was undergoing hemodialysis and 30 (29.4%) occurred while
the patient was off dialysis, with 10 (9.8%) before dialysis and
20 (19.6%) after dialysis (P¼ 0.000).
Automated external defibrillators
The date of AED implementation differed for each dialysis
facility, beginning in 2000. By February of 2002, all dialysis
facilities in King County had AEDs onsite. Thirty-four
arrests occurred at dialysis facilities after an AED was placed
Table 1 | Patient demographics and cardiac arrest characteristics
All VF patientsa Non-VF patientsa P-value
N 110 72 36 0.001
Age±s.d. 65±12 66±12 64±12 0.453
Male, n (%) 55 (50) 35 (49) 20 (53) 0.688
Responding EMS agency
Seattle Medic One, n (%) 63 (57) 35 (49) 28 (74) 0.378
King County EMS, n (%) 47 (43) 37 (51) 10 (26) 0.000
Time of arrest relative to dialysisb
Before dialysis, n (%) 10 (10) 3 (4) 7 (18) 0.206
During dialysis, n (%) 72 (70) 50 (69) 22 (58) 0.001
After dialysis, n (%) 20 (20) 17 (24) 3 (8) 0.002
Arrested before EMS arrival, n (%) 104 (95) 68 (94) 36 (95) 0.949
Witnessed, n (%) 92 (84) 61 (85) 31 (82) 0.143
CPR initiated by facility personnelc, n (%) 96 (87) 65 (90) 31 (82) 0.055
Patients defibrillated (shocked), n (%) 89 (81) 72 (100) 17 (45) 0.000
Initially defibrillated by AED, n (%) 15 (17) 15 (21) 0 0.002
Return of spontaneous circulation, n (%) 83 (76) 60 (83) 23 (61) 0.019
Admitted to hospital, n (%) 62 (56) 47 (65) 15 (40) 0.009
Survived at least 24 h after arrest, n (%) 51 (46) 37 (51) 14 (37) 0.146
Discharged from hospital, n (%) 26 (24) 22 (31) 4 (11) 0.019
Survived at least one yeard, n (%) 16 (15) 14 (19) 2 (5) 0.050
AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; s.d., standard deviation; VF, ventricular fibrillation.
P is significant at o0.05.
aInitial rhythm unknown for two cases.
bUnknown for eight cases.
cUnknown for one case.
dUnknown for two cases.
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on site. Of these 34 cases, 18 (53%) were recorded to have
had the AED attached to the patient. There was no significant
change (P¼ 0.18) in the fraction of cases for which an AED
was attached to the patient annually between the years 2000
and 2004. Of the 18 cases in which an AED was applied, at
least one defibrillation was delivered in 15 (83%) cases.
Survival to discharge was not significantly different between
the 73 patients who arrested in facilities before AEDs had
been placed onsite and the 34 patients who arrested after
AEDs installation (Table 2). This finding persisted when
examining only the VF patients, such that there were no
significant differences in survival between patients who
arrested before AEDs had been placed onsite and those
who arrested after AEDs were onsite. A greater percentage of
patients were reported to have VF as their initial rhythm after
AEDs were implemented (74%) as compared to the pre-AED
era (64%); however, this difference was not statistically
significant.
Finally, we identified risk factors associated with cardiac
arrest using logistic regression. After adjusting for age, sex,
and AED presence at the facility, compared to arrests that
occurred pre-dialysis, the odds of VF arrest were 5-fold
greater in patients on dialysis (OR¼ 5.0, 95% CI¼
1.01–25.3), while for those post-dialysis, the risk of VF arrest
was 14-fold (OR¼ 14.4, 95% CI¼ 1.75–118.6). Having an
AED at the facility trended toward a benefit, while having a
witnessed event was not associated with a benefit in this
population (Table 3).
DISCUSSION
The current study identified 110 cardiac arrests that occurred
in dialysis facilities over a 14-year period of time. This
population had a high incidence of VF, which differed
significantly depending on whether the patient arrested
before, during, or after dialysis therapy. Even though AEDs
had been placed in all dialysis facilities in King County by
2002, their use had not reached full potential at the time of
this study; AEDs were attached in only 53% of cardiac arrests.
Although we did not find significant differences in patient
outcomes after AEDs placement in dialysis centers, VF was
detected as the presenting ECG rhythm more frequently
during the period in which AEDs were available at the centers
compared to the time period prior to AED introduction. It
is unlikely that the incidence of VF in this population is
increasing, and more likely that AEDs are providing more
rapid detection and intervention.
The high incidence of cardiac disease in dialysis patients,
reportedly as high as 80%,4 likely increases their risk of
cardiac arrest, however, the stress of uremia coupled with
hemodialysis may further increase the risk of cardiac arrest in
this population. This cohort study found a lower incidence
Initial rhythm* PEA or asystole
N=38
Initial rhythm* VF or VT
N=72
Admitted to hospital
N=15 (40%)
Admitted to hospital
N=47 (65%)
Alive at 24 h
N=14 (37%)
Alive at 24 h
N=37 (51%)
Adults with cardiac arrest at outpatient 
dialysis facility
N=110
Discharged alive
N=4 (11%)
Discharged alive
N=22 (31%)
Alive at 1 year**
N=2 (5%)
Alive at 1 year**
N=14 (19%)
Figure 1 | Flow Chart of initial presenting rhythm and survival at 1 year post arrest. Initial rhythm *unknown for two cases, **unknown for
one case (VF or PEA).
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Figure 2 | Number of cardiac arrests relative to the day of the
week of dialysis facility closure. *25 cases versus expected number
of 15.7, P¼ 0.011, significance based on w2-test.
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of cardiac arrest in dialysis centers than previously reported.
Karnik et al.5 reported an incidence of seven cardiac arrests
per 100 000 hemodialysis sessions; however, 7% of these
patients reportedly had ‘do not resuscitate’ orders and
presumably would not have been attended by EMS. If the
patients with do not resuscitate orders were excluded from
Karnik’s analysis, the incidence decreases to 6.5 arrests per
100 000 hemodialysis sessions, which is still higher than our
estimated 3.4 cases per 100 000 hemodialysis sessions (for
comparison the number of hemodialysis sessions was retro-
spectively estimated as three per week for each person-year).
The different incidence observed in this study as compared to
Karnik et al. may be due to community variations or
differences between the study designs. For example, Karnik’s
study prospectively monitored 5 744 708 hemodialysis
sessions while this study retrospectively examined an
estimated 2 611 119 hemodialysis sessions. Similarly, Lafrance
et al.7 found a significantly higher 12.4 cardiopulmonary
resuscitation events per 100 000 hemodialysis sessions;
however, this study was done in a hospital based dialysis
facility with presumably sicker in-patients.
The current study found that significantly more patients
suffered cardiac arrest during dialysis (70%) as opposed to
before (10%) or after (20%) dialysis. Multiple studies have
reported an increased risk of cardiac arrests on Mondays and
Tuesdays.5–7 We observed that the majority of cardiac arrest
occurred on Sunday as opposed to Monday or Tuesday. This
finding may be an artifact of the patient population, due to
the fact that dialysis centers in the Seattle/King County area
are closed on different days; some centers are closed on
Saturday while others are closed on Sundays. Data from
previous studies, in which patients were more likely to
undergo dialysis on Monday–Wednesday–Friday or Tues-
day–Thursday–Saturday schedules, found that patients were
more likely to arrest after their longer dialysis-free interval.
Because we did not have access to information regarding
patient’s dialysis schedules, we examined the frequency of
cardiac arrests during the days after the dialysis facility was
closed. Our observation that a significantly higher number of
cardiac arrests occur on the first day the dialysis facility was
open after being closed for 1 day also supports the hypothesis
that a longer dialysis-free interval may increase the risk for
cardiac arrest.
When compared to previous reports on the national and
local incidence of VF in the general population, this study
population had a markedly higher percentage of VF cases
(65%). Rea et al.8 reported an average VF incidence of 39% in
EMS-attended cardiac arrests that occurred in 35 commu-
nities throughout the nation. Studies of EMS-attended
cardiac arrests in King County and Seattle have reported
VF as the presenting ECG rhythm in 40–47% of arresting
patients.9,10 Karnik et al.,5 who were only able to review
rhythms in 16% of the cases in their study, reported initial
rhythms as 42% VF and 20% VT. This is comparable to our
combined VF/VT incidence of 65%. We propose that the
increased incidence of VF observed in hemodialysis patients
may be the result of specific mechanisms unique to ESRD,
such as electrolyte derangements, acid–base disorders, and
significant fluid shifts associated with dialysis; or due to the
high percentage of witnessed arrests (84%) in medically
staffed dialysis units.
Table 2 | Comparisons between patients who arrested before
and after AEDs were placed at dialysis facilities
Variables
Before
AEDs
After
AEDs P-value
Number of cases 73 34
Age±s.d. 65±13 66±11 0.664
Male, n (%) 33 (45) 21 (62) 0.111
Responding EMS agency
Seattle Medic One, n (%) 42 (58) 18 (53) 0.002
King County EMS, n (%) 31 (43) 16 (47) 0.029
Time of arrest relative to dialysisa
Before dialysis, n (%) 6 (9) 4 (13) 0.527
During dialysis, n (%) 44 (66) 26 (81) 0.031
After dialysis, n (%) 17 (25) 2 (6) 0.001
Arrested before EMS
arrival, n (%)
68 (93) 33 (97) 0.413
Witnessed, n (%) 61 (84) 28 (82) 0.555
CPR initiated by facility
personnel, n (%)
64 (88) 29 (85) 0.176
Initial ECG rhythmb
VF, n (%) 45 (63) 25 (73) 0.017
Asystole, n (%) 7 (10) 3 (9) 0.206
PEA, n (%) 19 (27) 6 (18) 0.009
Patients defibrillated
All, n (%) 57 (78) 29 (85) 0.382
VF, n (%) 45 (100) 25 (100)
Non-VF/VT, n (%) 12 (43) 4 (44) 0.933
Discharged from hospital
All, n (%) 17 (23) 7 (21) 0.755
VF, n (%) 15 (33) 5 (20) 0.237
Non-VF/VT, n (%) 2 (7) 2 (22) 0.205
AED, automatic defibrillator; CPR, cardiopulmonary resuscitation; ECG, electro-
cardiograph; EMS, emergency medical services; s.d., standard deviation; VF,
ventricular fibrillation; VT, ventricular tachycardia.
P is significant at o0.05.
Significance was calculated using w2-test for nominal data and Student’s t-tests for
continuous variables.
aUnknown for eight cases.
bUnknown for two cases.
Table 3 | Factors associated with VF arrest in ESRD population
Variables
Odds of VF arrest,
unadjusted OR (95% CI)
Odds of VF arrest,
adjusted OR (95% CI)
Pre-dialysis Reference 1.0
On dialysis 5.50 (1.25–22.43) 5.0 (1.01–25.3)
Post dialysis 13.22 (2.12–82.13) 14.4 (1.75–118.6)
Age 1.01 (0.98–1.05) 1.00 (0.96–1.04)
Sex, 1=male 1.17 (0.53–2.58) 1.93 (0.69–5.4)
Witnessed 0.69 (0.40–1.17) 0.92 (0.41–2.06)
AED at facility 0.64 (0.27–1.54) 0.81(0.21–3.16)
AED, automatic defibrillator; CI, confidence interval; ESRD, end-stage renal disease;
OR, odds ratio; VF, ventricular fibrillation.
Models adjusted for above variables, type of dialysis unit, and county location.
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Differences in the type of presenting ECG rhythm
depending on when the arrest occurred relative to dialysis
has not been previously reported or examined in the
literature. These variations suggest that possibly multiple
mechanisms might be contributing to cardiac arrhythmias in
dialysis patients. While the details of mechanisms associated
with cardiac arrest in dialysis patients are beyond the scope of
this paper, it is worth noting some of the factors possibly
involved in the periods of time before, during, and after
dialysis therapy. Immediately before a patient begins dialysis,
they may be at greater risk of cardiac arrest due to volume
overload. This excess volume may increase the workload for
the heart or exacerbate pre-existing conditions such as cor
pulmonale, pulmonary edema, or congestive heart failure,
ultimately placing more stress and oxygen demand on the
heart. Additionally, alterations in electrolytes, such as
potassium and/or calcium, may also contribute to cardiac
arrhythmias prior to dialysis therapy. In contrast, different
mechanisms contribute to cardiac arrhythmias during
hemodialysis. For example, rapid changes in electrolyte
concentrations (potassium, calcium, magnesium), cardiovas-
cular volume changes, ischemia,11 ventricular ectopic
activity,12 and ECG QT dispersion13 may precipitate
arrhythmias or increase cardiac stress during dialysis. Finally,
alternate mechanisms may be contributing to arrhythmias
in patients after dialysis. These may include shifting of
volume and electrolytes between the intravascular, interstitial,
and cellular compartments or deleterious compensatory
effects such as elevated catecholamine levels to compensate
for dialysis-induced hypotension. The unequal incidences of
VF before, during, and after dialysis provide evidence that
mechanisms unique to each time period are likely present.
Compared to prior studies in the literature, the current
study found improved short-term survival for dialysis
patients suffering from cardiac arrest. Survival to discharge
was observed in 24% of all cases, with 15% alive at 1 year
(Table 1). Patients with VF as their initial cardiac rhythm did
even better, with 31% surviving to discharge and 19% alive at
1 year. Previous studies that have examined the success of
resuscitation in dialysis patients have all reported poor
outcomes. Moss14 reviewed cases from a cohort of hemo-
dialysis and peritoneal dialysis patients who suffered cardiac
arrest (not necessarily in dialysis facilities) with 74 attempted
resuscitations, and reported that 37% were successfully
resuscitated, 8% survived to discharge, and 3% were alive
at 6 months. An additional study reviewed 56 cardiac arrest
cases in hemodialysis patients and reported 20% survival to
discharge.15 Similarly, Karnik et al.,5 who reviewed outcomes
of patients who arrested in outpatient dialysis facilities,
reported that 40% of patients survived to 48 h. Rea et al.16
reported on cardiac arrest outcomes for the general
population in 35 nationwide communities, and found 8%
survival to discharge independent of initial rhythm and 18%
survival to discharge for patients with VF. United States Renal
Data System has reported 1-year survival rates for dialysis
patients hospitalized for cardiac arrest to be approximately
15%.1 In addition, Rea et al.8 found 15.8% survival to
discharge in a study of King County residents with heart
disease-related cardiac arrests for which resuscitation was
attempted. Eisenberg and Mengert10 have also examined
outcomes of EMS-attempted resuscitation of cardiac arrests
in the King County community and determined a 12.4%
survival to hospital discharge independent of rhythm, and
28.1% survival to hospital discharge for VF patients. In
addition, Herzog et al.17showed that implantable cardioverter
defibrillators improved survival in hospitalized dialysis
patients by 42%.
Given the high incidence of VF in this population, the
limited utilization of AEDs was a very concerning finding. In
cases that occurred while an AED was available (34 cases),
only 53% of the time was the AED actually attached to the
patient. There was no investigation into why the AED was or
was not attached to the patient. Underutilization of the AED
may be due to several factors. It is possible, but unlikely given
the training that usually takes place when AEDs are placed
onsite, that there were no staff onsite who were trained to use
an AED. More likely, staff members were initially trained, but,
given their infrequent AED use, may not have remembered
the AED was onsite or felt uncomfortable using it. Finally,
given the rapid response times of Seattle Medic One and King
County EMS, dialysis facility staff may not realize the
potential benefit AEDs may provide when used prior to
EMS arrival. While AEDS should be used in all cardiac arrests,
the impact on outcomes of AED use prior to EMS arrival may
be better examined in a community with more delayed EMS
response times and longer standing AED programs. Recently,
Lehrich et al.18 examined outcomes for 729 cardiac arrests
before and after AED placement in dialysis centers and found
no difference in survival between groups. However, AED
attachment was not verified in all cardiac arrest cases.
Although their study greater power to detect a difference
compared to the current study, the lack of AED utilization
may have similarly reduced their ability to detect any benefit.
Although this study represents one of the first population-
based studies of cardiac arrest in patients on hemodialysis,
there are several limitations. First, because this is a
community-based study and there are significant differences
between EMS systems in different communities, it may be
more difficult to generalize these findings to dialysis patients
who suffer a cardiac arrest in a different community. For
example, if EMS teams had faster responses in one
community than another, you would expect differences in
the incidence of VF, as patients with VF initially may have
deteriorated to pulseless electrical activity or asystole by the
time the slower EMS personnel arrive. Additionally, varia-
tions between EMS systems in different communities may
produce different survival outcomes. In addition, the study
had limited ability to determine mechanisms of VF such as
changes in electrolytes at the time of the arrest, dialysis
prescription, or weight changes prior to arrest. Finally,
because there were so few cases in our study where an AED
was available, our conclusions regarding the benefits of AEDs
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are limited. In addition, we do not have information on
implantable cardioverter defibrillators, which could have
improved the survival of patients who suffered from a cardiac
arrest in a dialysis unit, although survival does not appear to
be different among those with and without ICD placement.19
We conclude that there is a significant risk of cardiac arrest
for ESRD patients while at a dialysis facility. Ventricular
fibrillation and ventricular tachycardia were the initial
presenting rhythms and were associated with better outcomes
compared to non-VF. Future research should work to identify
high-risk patients by developing a risk index or scale
predictive of subsequent cardiac events. In addition, the
higher than expected incidence of VF observed in these
arrests provides an increased opportunity for intervention
and potentially improved patient outcomes. Additionally,
a prospective study investigating the mechanisms that induce
arrhythmias before, during, and after dialysis could also be
useful in determining risk factors for cardiac arrest, which
could then be utilized to develop interventions to reduce the
incidence of cardiac arrest in dialysis patients. Finally, AEDs
will not provide any benefit if underutilized during cardiac
arrests. Research is needed to investigate the barriers to AED
use once made available to staff within dialysis centers.
MATERIALS AND METHODS
Study design
We conducted a retrospective cohort study among all patients who
experienced a cardiac arrest and were seen by the EMS in the Seattle/
King County geographic area. Cases were defined as hemodialysis
patients greater than the age of 18 years who experienced a non-
traumatic cardiac arrest between 1 January 1990 and 1 June 2004
while at an outpatient dialysis facility in King County, Washington.
Inclusion criteria included the receipt of cardiopulmonary resusci-
tation from EMS personnel or to have received defibrillation from
an AED administered by dialysis facility personnel prior to EMS
arrival. Patients who had do not resuscitate orders on file were
excluded from analyses.
Sources of data
EMS system and databases. The Seattle/King County Wa-
shington (population 1 700 000) includes two EMS systems that
respond to 911 medical emergency calls in King County: Seattle
Medic One, which operates within Seattle city limits; and King
County EMS, which covers the remaining county. Both systems
operate a two-tiered EMS response such that the first arriving EMS
unit is a fire department vehicle with emergency medical technicians
who are trained to use AEDs. Paramedics arrive within several
minutes and provide advanced life support.20 Follow-up is
conducted to ascertain discharge from hospital and long-term
survival. These cardiac arrest data have been rigorously maintained
and standardized to the Utstein style of reporting cardiac arrest data
since the 1970s.21,22 Cardiac arrests occurring in dialysis facilities
were identified from Medic One/King County combined EMS
records by searching for specific calls to dialysis facility locations.
The following variables were abstracted from the database: age at
the time of arrest, gender, arrest prior to or after EMS arrival,
witnessed arrest, arrest date, incident address, whether defibrillated
prior to or after EMS arrival, the initial cardiac rhythm, and the
patient’s outcome. The initial cardiac rhythms recorded were
determined by review of the first applied defibrillator monitor used
during the arrest. If the database indicated that the patient had been
defibrillated by an AED prior to EMS arrival, VF was recorded as the
initial rhythm, since the AEDs will only shock VF or VT.
EMS narrative reports. EMS narrative reports were used to
verify potential cases and determine whether patients were on or off
hemodialysis therapy at the time of cardiac arrest. If a patient was
off dialysis, the narrative was used to determine if the arrest
occurred before or after the hemodialysis session. To validate case
identification, two authors (BA Young and TR Davis) reviewed EMS
reports separately; a third individual (author MS Eisenberg)
resolved any discrepancies in case identification and time of arrest.
Dialysis facilities. Two organizations provided the majority of
outpatient hemodialysis for the Seattle/King County area at the
time. One is a local, ‘nonprofit organization’ that has 11
hemodialysis centers in King County with an aggregate of 200
dialysis stations. The other is a national, ‘for profit’ organization,
which is the largest independent provider of dialysis services in the
United States. This organization has four dialysis centers in King
County, which provides a total of 62 dialysis stations.
Statistical analysis
Analyses of continuous and categorical variables were conducted to
determine differences in the frequencies of covariates. Significance
was tested using independent Student’s t-test and ANOVA
(continuous) and w2-test (categorical). To determine factors
associated with VF arrest, we utilized conditional logistic regression.
Univariate analyses of the association of predictors of interest with
the primary outcome were conducted to determine potential
confounders. Covariates that were associated with a greater than
10% change in the b coefficient or that were determined a priori to
be associated with the outcome of interest based on the literature
were included in logistic regression models. All statistics were
computed using SPSS (Chicago, IL, USA) or Stata (College Station,
TX, USA).
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